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Abstract
In this paper we use the standard International Arbitrage Pricing Theory to assess
the e¤ects of European monetary uni…cation on the functioning of the European …nancial
market. More in particular, we focus on the e¤ects that uni…cation may have had on
the risk sharing capacity of the …nancial markets. We …nd that, already in the ERM
decade, exchange rate changes do not (unconditionally) correlate strongly with …nancial
market movements across countries. Consequently elimination of exchange rate variability
through monetary uni…cation is not likely to have major implications for the pricing
behavior in EMU.
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11 Introduction
In this paper we use standard International Arbitrage Pricing Theory to assess the e¤ects of
European monetary uni…cation on the functioning of the European …nancial market. More
in particular, we focus on the e¤ects that uni…cation may have had on the risk sharing
capacity of the…nancial markets. Anincreasein therisk sharing capacity may haveimportant
welfare e¤ects as it is generally believed to decreasethe cost of capital and (possibly) increase
economic growth.
There is a strong theoretical basis in the form of the IAPT to expect an increase in risk
sharing capacities following the uni…cation, even if …nancial markets were highly integrated
before uni…cation. This additional uni…cation-e¤ect crucially hinges on the irrevocably …xing
ofexchangeratesbetween membersofthemonetary union. In fact, by irrevocably …xing ofthe
exchangeratesonecreates not only a perfectly integrated capital market but also and equally
important a single (in terms of currency denomination) …nancial market. Simple application
of the standard arbitrage principle then implies that prices of risk in a single market should
be identical, or equivalently risks are shared all over the monetary union. Complete sharing
of risks, i.e. equality in the prices of risk, will in general only be obtained in the case of a
monetarily uni…ed market. Even in a perfectly integrated capital market, prices of risk can
(and will in general) di¤er across countries.1 The reason why prices of risk do not converge
across countriesin general lies with theexchange rate. According to IAPT and its extensions,
exchange rates will convert the foreign currency denominated prices of risk into domestic
ones, ensuring absence of aribtrage pro…ts from international investments. Typically, these
conversion characteristics translate into a certain (non-zero) covariation structure between
exchange rates and national …nancial markets.
Monetary uni…cation of internationally integrated …nancial markets will thus according
to IAPT have a fundamental impact on the risk sharing. More speci…cally, by elimination
of exchange rate variability, the prices of risk must converge internationally so that a certain
risk is priced identically across the entire market. Note however that within the European
context, these theoretical potential bene…ts must not necessarily be large in practice. First,
exchangeratevariability was already very much limited during the ERM period. This limited
exchange rate variability must already before EMU have brought prices of risk relatively
close to one another. Second, in addition to the limited variability, little correlation has
been found between exchange rate movements and national …nancial markets. To the extent
that exchange rates did not correlate with …nancial markets, exchange rates did not convert
prices of risk, which in an integrated market implies in its turn the equality of the prices of
risk. Given this European context, the additional e¤ects of monetary uni…cation remain an
empirical issue. In this paper we resolve this issue by estimating the prices of risk di¤erence
between the most important European …nancial markets. Running ahead of thingswecannot
1Theoretical proof andempirical applications ofthis canbe found inCho, Eun andSenbet(1986), Korajczyk
and Viallet (1989), Bekaert and Hodrick (1992), Jorion, (1992), Stulz (1994), Hardouvelis, Malliaropulos and
Priestley (1999), Naranjo and Proropapadakis (1997), among others.
2reject that already in the ERM period prices of risk were identical. This basically implies
limited (if any) additional risk sharing bene…ts arising due to monetary uni…cation.
We proceed as follows. First, in section 2 we set out the standard IAPT framework and
makeexplicit the crucial conversion roleoftheexchangerate in…nancially integrated markets.
In section 3 we test for …nancial integration on excess returns. More in particular we test
whether or not arbitrage opportunities exist between domestic and foreign investments in
terms of excess returns. We do this analysis from various domestic currency perspectives.
As a result of these tests, we …nd a number of currency dependent prices of risk (pricing
kernels). We then proceed by testing for the role of the exchange rate variability by testing
for signi…cant di¤erences across thesecurrency speci…c prices of risk. Equality of these prices
of risk would imply that the exchangerate does not crucially a¤ect the …nancial markets and
hence that removing this non-essential exchange rate variability is unlikely to have major
implications on …nancial markets. The economic relevance of this analysis can be assessed
by focussing on the integration index as proposed by Brandt et al (2001). This index models
di¤erences in prices ofrisk and captures the degreeofinternational risk sharing, which should
be complete in a monetary union. Finally, section 4 concludes by summarizing the main
…ndings.
2 The Arbitrage Pricing Model
In this section we set out both the theoretical as well as the empirical framework that we
use in the empirical analysis. This section …rst gives a brief continuous time theory of what
our de…nition of integration implies in terms of IAPT and subsequently recasts this setting
to the more practical discrete time approximation. Finally, we brie‡y explain the estimation
approach weusein order to test for…nancial integration from anunconditional point ofview.2
2.1 IAPT and integration
In this section we study the implications of permanently …xing of exchange rates within the
framework of an integrated …nancial market. We de…ne integrated markets in the standard
way, as markets that do not allow arbitrage opportunities. Let P (t) and P¤ (t) denote the
timeprices ofa domesticand a foreign asset, respectively, andde…ne the domesticand foreign
pricing kernels as M (t) and M¤ (t); respectively, then market integration in the home and










2Throughout the paper, we focus on unconditional expectations. If unconditional moments do not hold,









Moreover, next to imposing nationally integrated …nancial markets, we now assume that the
…nancial markets are also internationally integrated. International integration now implies
that international investment strategies eliminate all possible cross-market arbitrage oppor-
tunities. As is well known, this additional assumption of (international) market integration









Rewriting (1) and (2) in terms of in…nitesimal return components, i.e. letting ¿ ! dt; and
de…ning r(t) and r¤(t) as therisk-freeinterest rate processes of the home and foreign country




































. More important however for the
analysis of monetary uni…cation is the role of the exchange rate. Within integrated inter-
national …nancial markets, exchange rates e¤ectively convert foreign prices of risk into the
domestic ones. This is easily seen by analysing the expected returns from any cross bor-
der investment V (t) ´ S (t) P¤ (t), with S(t) the unit price of foreign currency in terms of















































































3Where we have used the standard fact of stochastic di¤erential calculus that dt




¤) = 0; and E(dX=X:dY=Y ) = cov(dX=X; dY=Y ):
4The latter equations clearly shows the role of the exchange rate in internationally integrated
…nancial markets. The exchange rate operations necessary in international investments e¤ec-
tively change the pricing kernel from the foreign pricing kernel to the domestic one. Alter-
natively put, the investor will always be stuck with the pricing characteristics of the home
market, i.e. after exchange rate conversion only the domestic pricing kernel enters into the
equation determining the (excess) return.
The above ideas can easily be translated into the more familiar (linear) IAPT model, by
speci…ng the pricing kernels explicitly as linear functions of the sourcesofrisk and theinstan-
taneous interest rates. Morespeci…cally, assuming Kinternational factors of risk, represented
















k denotetheunit prices ofrisk attached to thek-th sourceof risk. Asset prices
are assumed to be dependent both on the international sources of risk, Wk (t); with factor














kdWk (t) +dZ¤ (t): (13)
Imposing the no-arbitrage conditions, i.e. …nancial integration then implies the following













¡r¤ (t)dt ´ ¹¤


















k)dWk (t) +dZS (t) (16)
5which in its turn alligns the excess returned obtained from investing abroad to the market














The above discussion allows usnow to assessthe roleof the exchangeratein an integrated
…nancial market as well as to assess the possible implication of monetary uni…cation, i.e.
irrevocably …xing of theexchange rate, on the pricing relations in the …nancial market. First,
as already noted above, …nancial integration attributes a speci…c role to the exchange rate
dynamics, apart from idiosyncratic exchange rate movements, exchange rates convert foreign
prices of risk, earned abroad to the domestic prices of risk. That is, an investor will never
be able to pro…t from higher excess returns observed abroad because of the fact that the
necessary exchange rate operations due to invest internationally will e¤ectively change the
foreign prices of risk to domestic ones. In this sense, this insight is but the straightforward
extension of uncovered interest parity theory to a risk averse world, where next to interest
rate conversion now in addition prices of risk are converted.
Monetary uni…cationrestrictsexchangeratevariability to zero, whichin itsturn, by virtue
of the no-arbitrage conditions, implies an immediate convergence of the prices of risk:
¸k =¸¤
k; k = 1;:::; K (18)
As such, we have a natural way of testing thelikely size of the …nancial market pricing e¤ects
from a monetary uni…cation in the form of the di¤erence between the market prices of risk
across countries. To the extent that the market prices of risk di¤er across countries forming
the monetary union, these prices must converge instantaneously to new, union-wide prices of
risk. If on the contrary, there is no signi…cant di¤erence in the prices of risk before monetary
uni…cation, little e¤ects will be observed on excess returns in case of a monetary uni…cation.
Hence, to assess the potential pricing e¤ects of monetary uni…cation it is crucial to measure
and test for the di¤erence in prices of risk across countries before the uni…cation.
An analoguous way to present the potential implications of monetary uni…cation is to
focuson theadditional international risk sharing advantagesthat uni…cationmay bring about.




















This index measures what percentage of risks (movements in the pricing kernels) is shared
across countries (…nancial markets). Obviously, in a monetary union (and an integrated
…nancial market) all risks are shared across the entire market. As pricing kernels areidentical
in a monetary union, dM(t)=M (t) = dM¤(t)=M¤ (t); the integration index equals one. Note
that before monetary uni…cation the exchange rate actually segments …nancial markets in
6that the risk sharing is con…ned to the national …nancial markets. In the above terminology,
prices of risks can di¤er across countries, i.e. dM(t)=M (t) 6= dM¤(t)=M¤(t). The additional






























Additional risk sharing bene…ts thus depend on the di¤erences in the prices of risk before
the monetary uni…cation. To the extent that the prices of risk di¤ered before uni…cation,
additional risk sharing e¤ects (bene…ts) will be observed after uni…cation. However, to the
extent that prices of risks were equalized across the union before uni…cation, little or no
additional risk sharing bene…ts are to be expected.
Standard arbitrage arguments, set out above, thus show that we can measure the addi-
tional risk sharing e¤ects attributable to monetary uni…cation by measuring the di¤erences
across prices of risk before monetary uni…cation. In the following sections we perform this
analysis in two steps. First, we estimate prices of risk across the union members and test (i)
if markets were internationally integrated and (ii) whether there are substantial di¤erences
in the prices of risk. In a second step we then analyze the potential risk sharing bene…ts
obtainable by uni…cation by calculating the precentage additional risk sharing, as stated in
equation (20).
2.2 Testing for integration
In order to make the test for integration operational we recast the above ideas into a discrete
time multi-country framework. We extend the above analysis to a situation where there are
M countries m = 1;:::; M, each having N assets, n = 1;:::; N: De…ne the (NM £1) vector
r
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m2;t is the (N £1) vector containing excess returns of country m2 denominated in
currency m1. Note that a superscript index m1 refers to thecommon currency denomination,
whereas the subscript index m2 refers to the local currency denomination.
We preserve the linear factor structure in international risk factors, Ft; for currency m1
denominated returns:
(rm1
t ¡¹m1) = Lm1Ft +"m1
t (21)
where ¹m1 is the mean excess return, Lm1 is a (NM £K) matrix of factor sensitivities,






¢0 ; where Lm1
m2 is the(N £K) matrix offactor loadings ofthe country m2 assets,
denominated in currency m1. The (K £1) vector Ft contains the common risk factors, and
"m1
t is an (NM £1)vector of idiosyncratic components. Note that the same factor structure
holds for the (NM £1) vector rm2
t containing excess returns denominated in currency m2
at some moment in time t: This way we impose that the return vector, independent of the
currency of denomination, depends on the same factors Ft :
(rm2
t ¡¹m2) = Lm2Ft +"m2
t
Finally, the market prices of risk, obtained by an investor in country m1 from investing in
country m2; i.e. the (K £1) vector ¸m1
m2;K; can easily be obtained from a linear projection of
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From thediscussion in theprevioussection, wecande…neintegration (absenceofarbitrage) as
a situation where prices of risk would be equalized dependent of the nationality of (currency
denomination used by) the investor. That is the prices of risk implicit in a national or




m2;K = ::: =¸m1
M;K = ¸m1
K




where the prices of risk are still dependent of the currency denomination index m1, but are
thesamefor an international portfolio with assets denominated in a single common currency.
This model basically tests whether …nancial markets are integrated from the viewpoint of a
certain investor.
The stronger test for integration, i.e. the complete risk sharing case, amounts to testing
for independence of market prices of risk with respect to the viewpoint. If market prices of
risk are the same irrespective of the currency of denomination, the covariance between the
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Note that (23) and (25) provide su¢cient overidentifying restrictions to test for the e¤ects
of monetary uni…cation. First, using the overidentifying restrictions in (23) we can test for
…nancial integration across countries and (25) then allows usin addition to test for equality of
prices of risk across countries. The latter hypothesis amounts in words to saying that prices
of risk are identical and hence that complete international risk sharing is attained.
3 Empirical Results
3.1 Methodology
In a …rst step factor analysis is used to extract the latent risk factors and the corresponding
loadings on these factors4. Denote the NM-dimensional vector of currency m denominated
excess returns by rm
t for t = 1; :::;T: When applying factor analysis to these returns jointly
for more viewpoints (m =1; :::;M), the underlying idea is that the returns can be expressed
















A =rt ¡¹ =L0Ft +"t (26)
with:


















To estimate this factor model, we cannot use standard estimation techniques as neither L
nor Ft is known. Inspection of the above model, however implies the following covariance
structure:
§ = LL0 +ª
which is independent of the factors Ft, such that the elements of L can now be determined.
The estimation method is factoring by principal components. Practically, this is done by
computing the …rst K principal components of the estimated covariance matrix b § which














4Johnson, R.A. and D.W. Wichern (1982).
5We use de-meaned excess returns, as the mean has no e¤ect on the factor structure.




















where ¤1;1 > ::: > ¤K;K are the K largest eigenvalues of b §, e1; :::;eK are the normalized






This factor is a scale factor by which the ordinary principal components have to multiplied
due to upward bias. Note also that the above solution is not unique. If T is any orthogonal
matrix, then L¤ = LT and F¤ = T0F, is also a solution to the aboveproblem. This rotational
indeterminacy allows one to impose economic structure on the factors, while leaving the
variance unchanged. Ifone imposes T = I, the factor solution is uniquely determined, except
for a sign change.
From the above derivation, it can be seen that factor analysis does not impose a priori
the number of risk sources and their structure or economic interpretation. Factor analysis is
a statistical description of the data, where one triesto summarize thevariation in thedata as
compactly as possible. This methodology is exactly theopposite ofthemethodology offormal
interest rate models, where the number of sources and their economic structure is imposed
in advance. To determine the appropriate number of factors, there exist numerous heuristic
devices. The following device is often used. For each factor k we can calculate theproportion






The cumulative sample variance explained, is obtained by summing this measure over the
consecutive factors. When the cumulative sample variance explained is rather high, and
additional factors only explain a negligible part of the variance, the factor model is supposed
to …t the data well.
In a second step, we estimate the cross-section market prices of risk vector ¸m
K separately
for each viewpoint m= 1; :::;M as8:
¹m =Lm¸m
M +´m
We use the …rst step generalized method of moments of Hansen (1982) using the factor
loadings obtained from the factor analysis9. Since the (NM £1) vector of excess returns





9As a rule of thumb it is stated that one should take up no more moments than one tenth of the time-series
length of the dataset (see for instance chapter …ve in Campell, Lo and MacKinlay (1997)). In our case, we
should take up no more than thirteen moments, which is a rule to which we abide.
10¹m is explained in terms of K market prices of risk, we are left with (NM ¡K) testable
restrictions. The overidentifying restrictions test is calculated as:
»m = b ´m0 ¢ [cov fb ´mg]
+ ¢ b ´m (27)
where b ´m are the estimated moment conditions and where + indicates a pseudo-inverse as
this matrix is generally not invertible. This test statistic is Â2 distributed with (NM ¡K)
degrees of freedom. A GMM J-statistic smaller than the critical Â2
NM¡K implies that one
cannot reject the validity of the imposed moment conditions and thus that risk is equally
priced across the countries contained in a portfolio. This means that the IAPT model is
statistically not rejected which can be interpreted as markets being …nancially integrated.
To test the stronger notion of integration -market prices of risk are independent of the
numeraire chosen- we re-estimate the market prices of risk, jointly for the M viewpoints and





of freedom. Ifthis restricted model …ts the data well, exchangerates do not correlate strongly
with asset markets, and exchange rate variability is thus not priced.
Note that we use the large sample distribution. If a small sample is used, we should
however look at the small sample properties. For that purpose, one can look at a Monte
Carlo simulation study, to test for the power of the statistics and to determine the small
sample properties. As will be shown later, we performed such Monte Carlo simulation.
3.2 Data Description
The empirical analysis covers data on 8 countries, namely the US (USD), the UK (GBP),
Japan (JPY), Germany (DEM), Belgium (BEF), the Netherlands (NLG), France (FRF) and
Austria (ATS).10 Returns are calculated as monthly returns. For each country we calculated
2 returns (N = 2). The …rst return is the return on a bond portfolio, with equal weighting
of the 2 year, 3 year, 5 year, 7 year and 10 year government bonds (benchmark government
index). The second return is the MSCI total return index (net dividends included). Excess
returnsarecalculated using the1 month LIBORreturn astherisk-freerate. Common returns
are computed with end-of-month exchange rates. The period covered is January 1990 until
December 2000. All data are collected from Datastream.
To get a better understanding of the degree of …nancial integration in EMU markets the
analysis is performed on di¤erent bilateral investment portfolios (integration among M = 2
countries). Germany and the US are the benchmark countries (principal currency denomi-
nations), in that they are always combined with one of the other countries. Each analysis is
always performed in both currency denominations. Table 3.2 presents cross-country common
DEM currency correlations averaged over the complete set of returns. Table 3.2 presents the
same correlations, but based on common USD currency returns. Not surprisingly, correla-
tions are largest between the di¤erent EMU member states. This however only implies that
10As in the theoretical part, a subscript refers to the local currency denomination and a superscript, to the
common currency denomination in which the returns are converted.
11EMU …nancial markets are most linked with each other and thus pure country diversi…cation
strategies are less pro…table at the EMU level. It does not yet imply that the EMU markets
are …nancially integrated.















dem 0.47 0.47 1
rdem
jpy 0.42 0.32 0.36 1
rdem
bef 0.44 0.49 0.70 0.29 1
rdem
nlg 0.53 0.54 0.86 0.37 0.76 1
rdem
frf 0.49 0.51 0.78 0.33 0.76 0.80 1
rdem
ats 0.40 0.45 0.78 0.31 0.61 0.76 0.65 1
Notes: Entries are cross-country common DEM currency return correla-
tions, averaged over the 2 returns.















dem 0.52 0.62 1
rusd
jpy 0.37 0.36 0.47 1
rusd
bef 0.48 0.62 0.81 0.42 1
rusd
nlg 0.55 0.68 0.88 0.47 0.87 1
rusd
frf 0.50 0.65 0.85 0.45 0.85 0.88 1
rusd
ats 0.40 0.56 0.84 0.42 0.73 0.80 0.75 1
Notes: Entries are cross-country common USD currency return correla-
tions, averaged over the 2 returns.
3.3 Empirical Results IAPT
Whether the stronger linkage is translated into a higher degree of …nancial integration is
exactly what will be examined by modelling an IAPT. As described in the theoretical part,
we …rst perform a factor analysis, jointly for two viewpoints and …t an IAPT for returns,
…rst, for the viewpoint of each country separately, and next for the joint viewpoints. The
…rst methodology allows usto test whether IAPT …tsthe data well. Thesecond methodology
allowsus to test what theimpact is oftheexchangeratevariability via thecovariancebetween
exchange rates and the asset market.
In a …rst part, factor analysis is used to extract the latent factors and the corresponding
factor sensitivities. Each time we extract three factors (K =3), as this number of factors
always explains the major part of the variance of the data. Table 3.3 shows the cumulative
12variance explained by the three factors for the thirteen portfolios of assets. From this it is
clear that three factors seem to capture the major part of the variance in the data, ranging
from 88.51% of the total variance explained up to a high 99.82%. It can be noted that the
highest variance is explained for EMU combinations of assets. This is again an indication
that EMU markets are most correlated with each other.
Table 3 - Cumulative Variance Explained by a 3 Factor Model (in %)
Porfolio Cum. Var Portfolio Cum.Var
DEM-USD 93.01 USD-GBP 88.51
DEM-GBP 91.72 USD-JPY 93.97
DEM-JPY 94.96 USD-BEF 92.30
DEM-BEF 98.66 USD-NLG 92.04
DEM-NLG 99.88 USD-FRF 92.60
DEM-FRF 98.70 USD-ATS 94.79
DEM-ATS 99.82
In a second step, we estimate the cross-section IAPT-relation for each portfolio (for each
viewpoint included in the portfolio). This yields estimates of the market prices of risk and
of the GMM-overidentifying restrictions test. The results are presented in tables 3.3 and
3.3 for the DEM and the USD benchmark portfolio respectively. The tables present the
GMM-overidentifying restrictions tests.
Table 3.3 shows that the IAPT model for the point of view of a single currency denom-
ination is statistically not rejected in almost all cases (at 5% signi…cance level Â2
1 = 3:84).
That is, German investors, investing abroad do earn expected excess returns based on the
German prices of risk. The DEM-JPY portfolio is the only investment set for which we re-
ject the null hypothesis of pricing errors equal to zero. Changing the currency viewpoint,
does not alter these conclusions in general, e.g. a Belgian investor, investing in Germany
earns excess returns based on Belgian prices of risk. Only in the case of the DEM-USD, the
statistical validity of the model depends on the viewpoint chosen. These results lead us to
conclude that the German market is integrated with the other markets considered here, as
returns to risk taking are determined by the local prices of risk. The column ”Joint” tests for
the cross-sectional restrictions when imposing the equality of prices of risk across countries.
Typically, this hypothesis is rejected for all the portfolios combining German assets with
non-EMU assets (at 5% signi…cance level Â2
5 = 11:07). On the other hand, the model with
portfolios combining German assets with EMU assets isnot rejected. This implies that across
theEuropean countries, exchange rate variability did not allow these countries to have highly
di¤erent pricing behavior. In fact we cannot reject the hypothesis implying that the pricing
behavior, as far as prices of risk is concerned, was identical across countries. This in its turn
implies that the exchange rate movements during the ERM period were largely unrelated to
European bond and stock marketscreating but a nuisance factor in international investments
that could easily be hedged away. The consequences for the e¤ects of monetary uni…cation,
i.e. the elimination of exchange rate movement, has therefore not a¤ected the functioning,
13i.e. pricing of excess returns, in any signi…cant way11. For the non-EMU combinations this
is obviously not the case. There we reject the equality of prices of risk across countries,
suggesting a crucial role for the exchange rate in terms of conversion of prices of risk across
countries. This conversion property shows up in the signi…cant covariation of exchange rates
and …nancial asset returns across this type of countries.
Table 4 - GMM-test (Â2) of DEM Benchmark Portfolios
Viewpoint
Portfolio Dem Foreign Joint
DEM-USD 2.84 4.77¤ 20.28¤
DEM-GBP 3.76 2.91 11.75¤
DEM-JPY 3.97¤ 6.08¤ 19.59¤
DEM-BEF 1.98 1.49 9.16
DEM-NLG 0.16 0.17 10.40
DEM-FRF 0.87 0.92 3.12
DEM-ATS 2.43 2.52 10.56
Notes: The GMM J-statistic is calculated as in
equation (27). USD and Foreign relate to the
testing of equation (23), whereas Joints relate to
the testing of equation (24). A
¤ indicates that
the null hypothesis of pricing errors equal to zero
is rejected at the 5% signi…cance level.
A graphical representation of these results can be found in …gure3.3. These …gures give a
pricing error representation of the IAPT model for all of the DEM benchmark portfolios for
the viewpoint of a German investor. A graphical representation of the other viewpoints can
be found in appendix B. Mean excess returns are plotted on the horizontal axis, while mean
excess returns, estimated by the IAPT model are plotted on the vertical axis. The closer
the estimates to the 45±-line, the better the …t of the model. For points on the 45±-line, the
average pricing error is zero, for points under the 45±-line, the return is underpredicted by
the model. The …gures clearly indicate that the model …t is better for EMU portfolios, than
for non-EMU combinations. In the non-EMU portfolios, we see one outlier when estimated
for a single viewpoint. In all cases the outlier is the home currency bond index return.
Table 3.3 contains the IAPT estimation results for the USD benchmark portfolios. The
GMM-overidentifying restrictions test often rejects the validity of the model. This implies
that IAPT does not …t the data well, which we interpret as markets not being integrated,
as risk is not priced in the same way. Only for the USD-GBP and USD-FRF portfolio, we
cannot reject that pricing errors are not zero for a single viewpoint, whereas this is not the
case when the analysis is performed jointly for both viewpoints. For the USD-JPY portfolio
we again see that the validity of the model is dependent on the viewpoint chosen. For the
USD viewpoint the model is not rejected, for the JPY, and the JOINT viewpoints the model
is rejected.
11The model was also estimated for the ERM period (January 1990 until December 1998), to eliminate the
e¤ects of monetary uni…cation. This did not alter the results. We therefore only report the full sample results.
14Figure 1 - Pricing Errors DEM Benchmark Portfolio (DEM Viewpoint)
Table 5 - GMM-test (Â2) of USD Benchmark Portfolios
Viewpoint
Portfolio USD Foreign Joint
USD-GBP 2.87 1.73 15.01¤
USD-JPY 3.14 3.87¤ 17.20¤
USD-BEF 5.20¤ 6.53¤ 18.52¤
USD-NLG 4.79¤ 4.23¤ 24.21¤
USD-FRF 3.79 3.46 18.91¤
USD-ATS 5.93¤ 5.50¤ 18.64¤
Notes: The GMM J-statistic is calculated as in
equation (27). USD and Foreign relate to the
testing of equation (23), whereas Joints relate to
the testing of equation (24). A
¤ indicates that
the null hypothesis of pricing errors equal to zero
is rejected at the 5% signi…cance level.
15For the USD portfolios we also constructed pricing error graphs. These can be found in
…gure 3.3 for the USD viewpoint, whereas the other viewpoints can be found in appendix C.
These …gures show that the pricing errors are large mainly due one outlier for the individual
viewpoints, whereas the joint estimates are overall less accurate. Finally, we also computed
thestochasticdiscount factors for thedi¤erent USD benchmark portfolios, based on theUSD,
foreign and joint viewpoints respectively. The graphical representation of this can be found
in appendix F. These graphs make clear that market prices of risk are dependent of the
viewpoint chosen. There is no conversion of market prices of risk as the covariance between
the exchange market and the asset market plays an important role.
Figure 2 - Pricing Errors USD Benchmark Portfolio (USD Viewpoint)
3.4 Monte Carlo Simulation
To provide a feel for the sampling properties of the hypothesis tests, we performed a Monte
Carlo experiment. We test for: (1) small sample critical values constructed under the null,
and (2) the power of the test that pricing errors are zero, against plausible alternatives. To
obtain small sample critical values, we created an arti…cial sample using a normal random
number generator, assuming that the model is true. To test how powerfull the tests are in
rejecting against alternatives, we used the arti…cial sample created under (1), and induced
pricing errors ranging from 0.01 up to 0.1. These pricing errors are induced into the series of
assets of the home country. This gives us an idea the power of the tests. For a good test, the
power will increase when the pricing errors induced will be larger.
We calculated small sample critical values for the portfolios and for the viewpoints. The
results for the di¤erent portfolios were similar, thus we only present the results for a single
portfolio. For the DEM-USD portfolio we obtained small sample critical values of 3.53 for
16the DEM viewpoint, 3.85 for the USD viewpoint and 10.47 for the Joint viewpoint. These
critical values can be compared to the large sample Â2- critical values, being 3:84 at the 5%
signi…cance level for the entries under DEM or USD and Foreign (1 degree of freedom) and
11:07 at the 5% signi…cance for the entries under Joint (5 degrees of freedom). These results
indicate that using large sample critical values instead of the small sample properties can be
justi…ed, as the critical values arefairly close to each other. Moreover, comparison of thetest
statistics obtained earlier and their corresponding …nite sample critical values, indicate that
none of the conclusions above are altered.
In a second step, we examine the power of the GMM-overidentifying restrictions test, in
rejecting plausible alternatives. We therefore induced pricing errors in the data ranging from
0.01 to 0.1. Here in table 3.4 we only present results of the DEM-USD results, but for the
other portfolios the power of the overidentifying restrictions tests are again similar.
Table 6 - 5% Testing Power (DEM-USD)
Viewpoint
Pricing Errors DEM USD Joint
0.00 0.039 0.052 0.040
0.01 0.099 0.115 0.877
0.02 0.229 0.351 1.000
0.03 0.392 0.658 1.000
0.04 0.631 0.898 1.000
0.05 0.815 0.976 1.000
0.06 0.936 0.997 1.000
0.07 0.986 1.000 1.000
0.08 0.996 1.000 1.000
0.09 0.999 1.000 1.000
0.10 1.000 1.000 1.000
When inducing pricing errors in the data, the power of the test increases rapidly. The
probability of rejecting thenull when it is false is close to one, when errors are induced of the
size of 0.05. This is certainly true for the JOINT estimation. Inducing pricing errors in the
data makes it unlikely that the null hypothesis of zero pricing errors is not rejected. We are
therefore inclined to conclude that the tests are fairly powerfull.
3.5 Economic relevance
Finally, we assess the economic relevance of the above analysis by focussing more on the
integration index as proposed by Brandt et al (2001). Based on the discussion in section 2.1
and the linear factor structure used as its discrete time approximation, the integration index






















Table 3.5 provides the pairwise risk sharing indices both for the EMU and the non-EMU
countries. In line with the statistical results we do …nd that on average the risk sharing
indices within the EMU countries by far exceed those of the non-participating countries. Also
in line with the statistical analysis, we …nd that for all of the EMU countries risk sharing is
complete, that is, prices of risk within European …nancial markets are (almost) identical.
Table 7 - Integration Index
Portfolio I Portfolio I
DEM-USD 0.730 USD-GBP 0.776
DEM-GBP 0.330 USD-JPY 0.917
DEM-JPY 0.510 USD-BEF 0.536
DEM-BEF 0.996 USD-NLG 0.498
DEM-NLG 0.999 USD-FRF 0.672
DEM-FRF 0.978 USD-ATS 0.801
DEM-ATS 0.999
These …ndings can even be reinforced when looking at a graphical representation of the
stochastic discount factors across the di¤erent viewpoints. By constructing these stochastic
discount factors (29), we can reconstruct the actual implied excess returns across countries
forevery period in time. Instead of only looking at averageexcess returns wenow reconstruct
the implied excess returns over time. These time series give us additional information related
to the precision of the pricing relation. When market prices of risk are independent of the
viewpoint chosen, thestochastic discount factors should be equal when constructed on market
prices of risk of the DEM, foreign and joint viewpoints. Figure 3.5 displays the stochastic
discount factors for the DEM benchmark portfolios, for the di¤erent viewpoints.
From this …gure, it can be seen that for the EMU portfolios we indeed …nd viewpoint
independent stochastic discount factors (i.e. stochastic discount factors clearly are situated
on or close to the 45±-line), whereas this is not the case for the non-EMU portfolios. This
is exactly what we could expect on the basis of the GMM overidentifying restrictions test.
Appendix D shows these stochasticdiscount factorsfor theUSD benchmark portfolios. There
it can be seen that stochastic discount factors depend on the viewpoint. This is exactly what
one could expect as the market prices of risk were found to be viewpoint dependent.
4 Conclusion
Thispaper examined theissueof…nancial integration in an IAPT framework where exchange
risk is diversi…ed. More speci…cally, we provided an empirical investigation of the degree
of integration in (now) EMU and non-EMU portfolios for the period from 1990 through
18Figure 3 - SDF Comparison for DEM Benchmark Portfolios
192000. The analysis included two broad classes of investment for each country, namely a bond
portfolio and the MSCI index. This allowed us to investigate the integration issue on a very
broad level.
In a …rst step, we used factoring by principal components to extract threecommon latent
risk factors. The set-up was such that all possible common currency denominations included
in the portfolio, are dependent on the same common factors. In a second step, we estimated
the cross-section market prices of risk separately for each currency denomination, and the
joint currency denomination and we used the GMM overidentifying restrictions test to assess
the overall …t of the model. An overidentifying restrictions test that rejects the joint validity
of the imposed moment conditions, implied that risk was not equally priced across countries,
which was interpreted as markets being …nancially segmented. Moreover the joint estimation
investigated the market prices of risk conversion between currencies. For a monetary union,
prices of risk should be equalized, and risk sharing should be complete.
We found that the IAPT is a good description of the pricing of EMU portfolios, while
on the contrary the model had to be rejected for several non-EMU portfolios. This is thus
evidence in favor of an integrated EMU market. Moreover, the results for the EMU portfolio
seem to be independent of the currency denomination used, as market prices of risk are
almost completely alike across the di¤erent currency denominations. This suggests that the
covariancebetween theasset market and theexchangemarket is negligibleforthe(now) EMU
countries. For the non-EMU portfolios currency denomination does matter, which implies a
non-zero covariance between asset markets and exchange markets. This further implies that
risk sharing between several EMU countries was already almost complete. Little additional
bene…ts of risk sharing will be brought about by the Euro introduction.
The results allow us to assess with hindsight one of the e¤ects of monetary uni…cation
on the pricing of excess return across EMU countries. In fact since monetary uni…cation
eliminates all exchange rate variability, we focussed on the e¤ect of exchange rate variability
on the respective …nancial markets. Our conclusion is that (at least from an unconditional
point of view) exchange rate variability did not really separate European …nancial markets,
since the observed exchange rate changes are largely unrelated to changes in the European
…nancial markets. In otherwords, we…nd that theexchange rate changes within Europewere
mainly nuisance factors that could behedged away without major implications for theexcess
returns. As such, it is obvious that the elimination ofexchange ratemovements did not exert
great e¤ects on observed excess returns during the EMU period.
Several caveats should be acknowledged. We mention two. First, it should be stressed
that this study analyzed global …nancial markets in the sense that we only incorporated in
the analysis the most liquid assets, i.e. various bond and the stock market indices. Our
conclusionscan obviously not beextended towards other indices or individual assets. Second,
our analysis isunconditional inthesense that we only look at unconditionally expectedexcess
returns. This procedure allowed us to abstain from having to choose a speci…c pricing model
(and is thus quite generally valid). However, undoubtedly it also fails to incorporate very
precise conditional events where no-arbitrage may have failed. To summarize these caveats
20in one sentence, our conclusions will hold ”generally speaking”, while clearly one could …nd
speci…c events or assets where no-arbitrage may have failed very well also within European
…nancial markets.
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where ª is diagonal. This orthogonal model implies the following covariance structure for
(rt ¡¹) :
§ = LL0 +ª
To estimate the elements of L; the method of principal component analysis is used. Spectral




where ¤1;1 >::: >¤NM;NM arethe ordered eigenvalues and e1, e2, ...,eNM are the associated
normalized eigenvectors such that eme0
m =1. As we want to explain the covariance structure











































where it is assumed that ª= §¡LL0; which is obtained by setting the o¤-diagonal elements
to zero.12 Thismethodology to obtain estimatesofL and ª, applied to the sample covariance
matrix b § is known as the ordinary principal component analysis, as the factor loadings are
in fact scaled coe¢cients of the …rst K principal components. Basilevsky (1994) shows that
the ordinary principal component solution is upward biased. Therefore one has to multiply
the solution by a scale factor
r
¤k;k¡¾2
¤k;k : When the residual variance turns out to be small,















12When the o¤-diagonal elements are not close to zero, this may indicate ommited factors (see Bliss (1997)).
24Now that wehavede…ned thefactor loadingsL andthevarianceofthespeci…ccomponents
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